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The invention relates to a method of manufacturing a fihrons 
cellulose casing and a casing manufactured by this Jnethod. 

Generally, artificial cellulose casings, which are alternatively 
described aa fibres cellulose casings, or ^simply as fibre- 
reinforced casings, ^t cetera, are manufactured from a long fibre 
paper base and regenerated cellulose from viscose, that is the 
soluble sodium cellulose, xant hate derivative* of cellulose* Before 
subjecting the paper base, to this viscose/ treatment, or impreg- 
nation, it is first wet IS strengthened by the paper manufacturer, 
also using regenerated cellulose from viscosie, or alternatively 
using other wet strengthening materials/ such a s polyamide epihalo- 
hydrin resins, polyvinyl alcohols, hydroxyethyl cellulose, various 
synthetically produced latices, et detera, either used singly or 

20 in combination one with another, for example combining 
regenerated cellulose from viscose/antl a polyamide epichlorohydrin 
resin such as Kymene (Kymene is' a registered trademark of the 
Hercules Company of the USA) , yor using, mixtures of these. The 
chief reason for conferring this wet strehgti on the part of the 
paper manufacturer is to enable the paper tot retain its integrity 
and withstand the subsequent heavy impregnation with the strongly 
alkaline viscose, which is applied by the casing manufacturer, and 
the subsequent strongly acidic cellulose coainilation and re- 
generation stage, when the casing is made* Aad whereas the paper 
manufacturer may apply only one to six percent regenerated cellu- 
lose from viscose and/ or other wet-strengthening resins calculated 
on the basis of total fibre weight, to provide the necessary wet 
strength, the casing manufacturer usually applies a quantity of 
viscoBe of two to three times the total weight of the ptoer to 
construct the casing* En the ca«© of the paper, which may 

21 g/rf in total, onl,y 0,21 to 1,26 g/m* would 
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therefore comprise regenerated cellulose fran viscose, and the 
rest fibre, for example, whilst the casing maaufacturer would add 
a farther 42 to 63 g/m* regenerated cellulose from viscose in 
Making the casing of total cellulose weight 63 to 84 g/rf . In the 
cqnsarcial situation this fibre-reinforced cellulose would be 
prepared or plaeiaiaed with a quantity of 20 to 25 percent 
glycerol and moisturized with 5 to 10 percent water, to prevent 
it drying out and becoming brittle prior to u*e, to an overall ba- 
sis weight in the example given of between 7:3,8 and 119 g/n* . It 
is also worth pointing out that the process :Eor making the paper 
and the process for making the casing are very different in a 
number of other important ways, for example, in terms of imparting 
wet-strength to the paper, this is a relatively easy and 
inexpensive stage for the paper manufacturer, which can be carried 
on in-line with paper-making, but totally impracticable and 
prohibitively expensive for the casing manufacturer who requires 
the paper fully wet-strengthened from the outset. The fibre 
furnish of the paper substrate used to maks fibrous casing is 
usually a carefully selected choice of abac* fibres, also known 
ae manila hemp fibres, grown in either the Phillipiaes or Ecuador, 
which are subjected to a chemioal pulping treatment to remove non- 
oelluloBic material and to soften the fibres for paper-making. A 
part of this fibre may be provided by alternative plant fibre such 
as sisal, jute, or wood pulp, etc., but not without affecting the 
easing strsngth characteristics r usually in » negative way. 
Papers so prepared, of basis weight between 17 and 28 g/m« , are 
well known in the art for manufacturing fibrous cellulose oasings, 
in the range of size typically from 32 to 165 mm in diameter, or 
even larger, and usually the basis weight of the paper is 
increased from 17 to 19 g/m« , 19 to 21 g/m* , 21 to 23 g/m* , and 
so on in stages, as diameter increases and i*e need for greater 
strength increases, that is, since the weight, of the sausage pro- 
duct increases exponentially as a function of a squaring of the 
radius of the sausage. 

She casing manufacturer's process usually involves unwinding the 
paper, supplied in rolls by the paper manufacturer, from an unwind 
stand, by drawing and forming the paper intc the shape of a 



tube with overlapping margin., continually about its longitudinal 
axis, by banding actions with the aseietanoe of metal guides, and 
•ticking the margins together *sing viscose just ahead of the 
fuller impregnation with the hjalk viscose whiah makes up the 
reinforced ealluloae wall of the casing. The composition of thie 
aeneous vieooee aolution may vary but an example of 7 to 8 wight 
percent (wt-%) cellulose, aa soaium cellulose xanthate of 30 to 
33% xanthate sulphur, 4 to 5 wt-« sodium hydrcxide and rest water, 
with a ball-fall viscosity of 50j to 70 seconds (130 mg steel ball 
of 3,175 ■» diameter over a dis|tanoe of 20 cm) and a Hottenroth 
ripening (salt) index of 4 to 5 at a temperature of 25 to 30 deg- 
rees Celsius may be regarded typical. Once impregnated, the cellu- 
lose of the viscose is coagulated and regenerated into cellulose 
by passing the impregnated tube M*ough a sulphuric acid and salt 
bath, usually containing ammonijam and sodiun sulphate mixtures, 
followed by various acid and wa^er wash bathe to complete the re- 
generation and remove all remaining sulphur from the viscose. Acid 
etrength may vary but 40 to 60 g/fliter and a salt strength between 
180 and 260 g/1 with repeat to sfcxiium sulphate and between 10 and 
50 g/1 with respect to ammonium bulphate may be regarded typical. 
Before drying this fibre-reinfprced tube it is usually passed 
through a bath containing a dilute aqueous glycerol solution, of 
10 to 20 percent strength, to act as a plaeticizer for the cellu- 
lose. Drying is conducted preferably in an inflated condition, and 
tension, throughout the casing Machine, is .naintained such that 
the diameter of the casing at tbe outset, tfcat is the diameter 
provided by the original width fed paper in the roll, less that 
used for overlapping, is reproduced as far as possible in the 

finnished casing tube. . 
The viscose impregnation may be effected by pouring the viscose 
onto the cuter surface of the p^per substrate, well ahead of the 
acid bath, in order to ensure tip paper is thoroughly impregnated 
prior to regeneration of the cellulose with *>id, or alternatively 
the paper-impregnation stage «|ay be effected from a 
constructed vi .cose die, wherein the viscose i* presented under 
pressure, through the Up. of (the die, directly onto the outer 
■urfaoe of the paper base, or substrate, wh:Llst 



being temporarily supported during transit across these lips, by 
a metal ring or cylinder, the gap between ring and die being ench 
m to allow the paper to pass unimpeded, but not of such a width 
as to fully dissipate the pressure of the viscose before Impregna- 
ting the paper, this impregnation being completed by continuing 
the passage of paper between die and supporting ring for acne 
distance within fixed gap dimensions, and thereafter tone distance 
unsupported free through air before entering the aoid coagulation 
and regeneration bath. In the prior art and particularly the prior 
art insofar as that which pre-dates the original speoif ioation of 
the application in the present family of specifications, first 
filed in December 19B9, the results of such impregnations are 
invariably very two-sided owing to the resistance to penetration 
of papers of 17 g/m* and greater, the greater the weight usually 
the greater the resistance, and: the greater the two-sidednese to 
viscoses, which, at low velocity, are characterized by relatively 
high solution viscosity. In still another variant, viscose may be 
supplied to both sides of the paper simultaneously in order to 
effect a eo-called donble-visaose-coating, to ensure the paper 
reinforcement is disposed as far as possible within, and properly 
covered by viscose, prior to coagulation and regeneration of the 
cellulose . 

Callulosie tubings produced in these various ways are tough and 
strong and have low stretch characteristic*. For these reasons 
they may be used as containers, or casings, for sausages, meats, 
or other articles of food, particularly in applications where 
aiae, in terms of diameter control, is a critical parameter, and 
where highly mechanised sausage stuffing plant places high demands 
for consistency of performance, and strength with toughness is at 
a premium. Because of ever greater demands of packaging machinery 
with higher through-put rates, and in the cas.t of blister-packaged 
goods, tighter size control of sausage diameters to meet mimndim 
weight criteria, that is to contain so-called give-away meat 
levels) or alternatively the exact «i*e requirements of subsequent 
vacuum-packaging equipment, where a chub of product will be 
subject to maximum length and diameter toleninces in order to fit 
pre-sized cartons, or other 
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containers for distribution and retailing. Whilst exact else ia 
achieved from a fibrous eaaing exhibiting low stretch, this also 
means that for dif f exenees in : saunage diameter of only a few 
millimeters , another size of viscose die has to be used, with all 
that this entails in tarns of separate inventorying on the part 
of the paper supplier, the easing manufacturer and the sausage 
maker, etc. In parallel with: the develoisnant of aver mora 
demanding packaging equipment in! the technologically more advanced 
countries, which in turn has placed ever greater demands on the 
casing producer to make tougher, istronger and more-sise consistent 
casings, which demands have be|an met by the fibrous cellulose 
casing manufacturers, collagen »and cellophane casings, ox pure 
cellulose unreinforced by a f ibreus substrate, have been developed 
for less critical market areas iwhere exact iiixe, linked to high 
through-put rate of product basted on highly mechanized stuffing 
equipment, is not the first or most important selection criterion, 
but rather flexibility of usei and unit cost, have been more 
important considerations. In this way it can be imagined that 
these parallel developments have been divergent rather than 
convergent, which is to say a g*p between th* two was increasing 
where, for example, a highly flexible casing but of consistent 
though by no mans exceptional strength was required for 
mechanised stuffing machinery, but without imbsequent packaging 
equipment also demanding exact; size. In thie example collagen 
would have provided the right price level but would not have 
provided the strength and associated low product breakage rate 
characteristic of a fibrous casing, and the fibrous casing would 
be considered over-engineered and too costly. 

In recent years this gap has been filled with what may be regarded 
a hybrid which sought to combiner something of the consistency of 
properties of the fibrous casing but with the elasticity equal to 
If not superior than that of collagen, whilst being price 
competitive. The first patent application in which exceptional 
elasticity was combined with low cost In a fi±roua easing, waa the 
specification previously referred to and filed in late 1989. In 
this application abaca (manila) paper wet-strengthened ueing 
regenerated cellulose from viscose, in a 



basis weight of no more than 15 g/rf , end pref arably 13 g/m* , was 
used as the long fibre reinforcement to produce a lightweight 
fibrous casing product of exceptional elasticity properties 
combined with an exceptional strength to weight ratio, possessing 
an exceptionally smooth inner surface which, whan combined with 
the casing 's lighter weight, provided a means also for 
significantly reducing salami processing times as an added 
benefit/ that is from Bay five weeks to fovr weeks compared to 
prior art fibre-reinforced aaaings. 

In the present application which may be regiirded a continuation 
application of this first one in the sense tAat it seeks to ac- 
hieve the same collection of unique properti»s, principally com- 
bining high elasticity at a good weight to strength ratio in an 
overall lightweight construction, which will still allow it to 
compete in market areas prior to 1989 essentially unavailable to 
the fibrous cellulose easing, but more traditionally served by 
collagen or pure cellulose casings, the problem has been to use 
an alternative paper base which does not relj only on viscose, to 
provide the initial wet strength by the paper manufacturer for 
subsequent viecosing operations by the casing manufacturer, but 
which instead relies on alternative wet-streogthening systems not 
incorporating viscose: 

How, as will be apparent from a study of the trior art before 1989 
insofar as commercially viable fibrous casing manufacture is con- 
cerned, the problems quite often were related to improving the wet 
strength or reducing the variability of strength of paper 
substrates typically of the order of 20 to 23 g/rf , in order that 
more consistent casing size or strength could be achieved. The use 
Of polyamide-epihalohydrin resin and cationis polyethylene imine 
resin to provide an improvement in the alkaline wet tensile paper 
properties, in the US patent Mo 4,222,821 is one such example. 
This application does not relate to the manufacture of fibrous 
cellulose tubings as such but rather to the Manufacture of a paper 
substrate of improved performance for subsequent conversion into 
fibrous casing. 

another example is US Patent Ho. 3,433,633 which seeks to improve 

the quality of the viscose-bonded or wet-strengthened 



manila hemp paper substrate, for Bttbeeguent fibrous oelluloee 
easing manufacture, by using cellulose derivatives of high 
viaaosity to provide stronger casings. The implication according 
to D8 Patent Specification 3 , 431,633 is clearly that the existing 
22,7 g/m 2 substrates lack sufficient strength end Ujarefora teach 
away from the use of lower substrate paper baais weights. 8ince 
1989, significantly, patent specifications have appeared which 
chart the progress of applying alternative wet strengthening 
systems, other than those baaed: on viecoBe, to treat the fibrous 
oasing abaca fibre paper substrate, that is, using a variety of 
resin based systems. US 5,063,104 filed early in 1990 is one such 
example which also high-lights how paper physical properties may 
be affected in a dramatic or significant miamer depending upon 
what wet strengthening binder oribonding method is substituted for 
viscose. One property which is affected significantly, and 
adversely so, insofar as the requirements of the present 
applicants' original specification of the prssent application is 
concerned, is paper stretch or elongation. Seductions of up 20 to 
50 percent for wet elongation from the levels obtained for 
viscose bonding of the paper were obtained :Ln US 5,063,104, and 
fibrous easing elongation is veijy much dependent on the substrate 
paper's elongation. The present application c-esoribee a method to 
overoome the problems associated with reduced paper stretch which 
arises from the paper manufacturing process and process chemistry, 
that is insofar as the paper is treated, :i.n order to make it 
strong and resistant to alkalis and acids in the wet state, for 
the casing manufacturer's purposes, as opposed to problems of aay 
a self-inflicted nature on the f part of the oasing manufacturer. 
Bow in order to make fibrous casings of ever -increasing diameter 
we have seen in the art prior to 1969 that the requirement for 
greater strength was met by the use of ever-increasing substrate 
paper basis weights and/or by the use of strength adjucts to 
complement that offered by the viscose bond alone, for casings 
typioally using paper weights of 17 g/m* and greater, whilst 
exceptionally the original specification presented paper 
substrates of 13 to 15 g/m* to make a range of light-weight 
casings from 32 mm diameter 
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np to 105 mm and indeed succeeded in extending the size to include 
casings with diameters np to 166 am. In reversing this trend ox 
using heavier weight paper to Hake wider di.uneter casings, that 
is reducing paper basis weight whist reducing oasing diameter, a 
Ijjnlt is approached by virtue of the fact that a certain minimum 
paper strength in both dry and, wet states is required in order 
that the paper will withstand ;draw tension so that it nay be 
unwound from its roll, and thereafter pose ess sufficient wet- 
■trength, following impregnation with the viscose of the casing 
Manufacturer's process, eo that it may successfully be converted 
into the oasing product. Following the impregnation, the substrate 
paper tube, now saturated with viscose, has siinimum strength and 
spends much of its time during i*s subsequent passage through the 
easing manufacturing machine as a flattened tube? the greater the 
surface area of this tube over tarn-over rolls, which are used in 
the machine to convey it, and act all of which are necessarily 
driven, the less strength is required to convey it. These 
requirements for strength may be consider** at variance* the 
larger the casing the easier it pan be converted into casing using 
lighter weight substrate paper, ; but performing leas robustly by 
the sausage-maker, whilst the narrower casing made with heavy- 
weight paper possesses adequate strength for the oasing 
manufacturer purposes, but may provide mere strength than is 
required of the sausage-maker and be considered over-engineered, 
an expensive alternative as a result. 

In order to obtain the desirable physical property mi* of the 
subject casings of to original *epeificetio» using resin-bonded 
papers of inferior, that is, lower, wet extension or elongation 
properties compared to substrate papers bonded with regenerated 
cellulose provided by viecose, that is prior to the viscose 
impregnation applied by the casing manufacture, it has been found 
that substrate paper weights need to be reductd from 13 to 15 g/m* 
to preferably 10 to 12 g/m* . Unfortunately thi.s development at the 
•erne time takes the manufacturing process for the casing into 
unchartered water insofar as conventional viscose dies are usually 
engineered with robust and heavy papers in jnind, where moderate 
paper web tensions applied by drive rollers exerted 



over distances of several meter* do not uaueilly cause excessive 
so-called v neofcing-in' of the tube, that is brought about by a 
simultaneous extension of the tube in. its longitudinal direction 
and a commensurate shrinkage in ite transverse direction, union 
la to aay tube diameters are reduced from those defined by the die 
size. And unless steps axe taken to overcome this obstacle the 
whole prooess of reducing paper weight to obtain more casing 
trans-directional extension becomes self-defeating. In order to 
overcome these difficulties using viscose di.ss normally used and 
designed for much heavier paper substrates, cf say 21 g/m* of the 
prior art, it is possible to slow down the whole operation but 
this approaoh is not always convenient, and ;in certain cases may 
be considered somewhat self-defeating* 

The invention is now described in more detail with reference to 
the accompanying drawings in which: 

Figure 1 shows how the tubing is manufactured by first forming the 
substrate paper into a tube and impregnating it with viscose ahead 
of the acid coagulation and cellulose regeneration bath. 
Figure 2 shows the viscose die of Fig. 1 enlarged. 
Figure 3 is a diagram showing the relationship between casing 
elasticity, paper weight and paper wet CD stretch of known tubing 
and tubing made according to this invention. 

Accordingly, for the new generation of lightweight fibrous casings 
constructed of abaca paper substrates suitably wet- strengthened 
using viscose, and subsequently viscoaed a second time by the 
casing manufacturer, that is in the original ipeeification, a new 
arrangement of viscose die has been developed for the purpose of 
single-sided viecoaing, which allows casing machine speeds to be 
increased over those operating for the casing examples in the 
original specification, at today's commercial levels, employed for 
conventional fibrous casing lines, whilst at the same time 
providing a superior impregnation of viscosa during the casing 
manufacturing stage, to ensure smooth surf noes of both casing 
Inner and outer surfaces is obtained, to render the need for 
double-sided viscosing unnecessary, or undeeirable, in the oase 
of these new generation light-weight casings. 
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When used for the subject casing* of the present application, this 
new arrangement of die seeks tc minimise drag upon impregnating 
the paper matrix with viscose, ajpd, during the subsequent crucial 
period before coagulation of theiviseose and ite regeneration into 
oellulose has been completed,: to the extent of thereafter 
pexaiting the casing to be stretched but not irreversibly. This 
is achieved by minimising then viecosed paper substrate-metal 
surface contact in the area of i the die, and by judicious over- 
feeding of the paper to the inlajt aide of the die on the one and, 
while at the seme time carefully controlling the paper draw ox 
tension on the impregnated web on the lead-out side of the die on 
the other, to minimise the longitjudinal extern ion of the substrate 
paper and obtain the subject paper embedded within the easing in 
a non-extended fashion. This new arrangement of viscose die, 
designed expressly for the purpose of impregnating lightweight 
papers in the 10 to 15 g/m* ratoge, at line speeds faster than 
those previously used for treating lightweight paper substrates, 
will now be described with reference to Pi. jure 1, against the 
background of those of the priorj art which ara regarded less than 
ideal for the subject casings- Paper, providing the oaBing 
substrate, is unwound from rolls delivered by the paper supplier 
in lengths of for example 10, 000( meters, that is from paper rolls 
of weights from about 10 to 50 kg. With the assistance of paper 
unwind rolls, some of which are driven, the substrate paper is fed 
to the viscose die over metal guides at 7, s<te diagram, where it 
is formed into a tube, in such a manner as to keep the die over- 
fed with paper. The dimensions of the die are regarded oritioal 
for the reasons previously indicated, that in since they impinge 
on paper extension properties which are affected by frictxoual 
foroes, or drag, in the region of the die directly following 
viscose-impregnation, and an important objective of the present 
application is to reduce the effects of such frictional forces 
to a minimum. Many of the die arrangements described in the prior 
art appear without dimensions except insofar as drawings of dies 
•re presented but actual dimensions axe often absent. 
And where actual dimensions hape been given, most notably in 
connection with so-called double-sided visccsing methods, which 
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are not directly relevant to thja prevent application, the ranges 
have been eo wide as to describe non-critical situations. US 
Patent Application Bos 2,105,273 and 2,14<:,900 which appeared 
January 8th, 1938 and January 24th, 1939 are good examples of the 
former which for many years undoubtedly represented the state of 
the art of viscose die technology and indetxl of fibrous caning 
manufacture. SiEing the dies of; these specifications from their 
drawings suggests they are of a low viscose pressure type since 
the gap between the lipe of the die, corresponding to dimension 
L of the dies of the present specification w^uld be of the order 
of 2,5 to 3,0 ami for a die to produce a 45 mm diameter casing. 
Compared to dies used for many years by the present applicants the 
die described in these specifications would bs regarded of robust 
design and suited to the requirements of subntrate papers in the 
21 to 2B g/rf basis weight internal, which ciiaracterised fibrous 
oasing manufacture in the era under review. Such dies would not 
be expected to give rise to good*! viscose penetration of the paper 
substrate, and so it is not supriaing that subitequent improvements 
tended to focus on higher pressure die technology, using narrower 
gaps between the lipe of the dies to increase viscose velocities, 
and increasingly to focus attention on double -sided viscosing as 
in, for example US 3,709,720, whore the two impregnations with 
viscose are oonduoted within a Second or a fraction of a second 
of each other and where Kindl, Ate author, claims the apparatus 
such ae that used in D8 2,105,273 for single-sided viscosing, 
required adequate time for the viscose to penetrate the paper 
properly before beginning this oellulose coagulation and 
regeneration stages under acid, otherwise the poor penetration 
would have resulted in casings being produced cf Inferior strength 
and poorer transparency than wh*re effective saturation of the 
tube with viscose is first carried out. 

An objective of the present invention has teen to retain the 
excellent viscose penetration properties offered by the higher 
pressure type of die, and thereby contain distances between die 
and ooagulation baths to short distances of the order of 0,3 to 
0,6 meters, but only by relying on the need for a single viscose 
impregnation in order to reduce drag between viscosed paper 
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substrate/ metal surface oontaort / viscose pressure forces in the 
area of the die involved with visoose penetration r that is at the 
lips of the die and directly following them. In order to reduce 
the effects of drag, paper lead-tin and lead-oit distances into and 
out of the area of viscose. issufe, from the lips of the die, have 
Men kept snail, and balanced wjith machine line speeds and paper 
basis weight, in an attempt aljso to achieve the best possible 
viscose penetration. Accordingly based on a fixed gap through 
which the viscose passes of 0,5' mm, dimension 1 in Figure 1, the 
gap between the lips of the dia, both upwards and downwards in 
cylindrical disposition with the* formed tube of paper and the face 
of the supporting metal ring or cylinder, K c' , is fixed at 0,5 to 
0,7 mm and preferably 0,55 to 0,60 mm and regarded critical within 
the context of the other specified dimensions.. This has been found 
suitable to accommodate the relatively narrow range of substrate 
paper thicknesses, in the range 50 to 80 urn, aad generally thinner 
than those of the prior art for 17 to 28 g/aof* substrates. 
It will be appreciated that thjo effects of frictional factors 
increase as basis weight. decreases, whilst increased line speeds, 
which of necessity involve also increased draw or paper web 
tension, directly following viscose impregnation, since the draw 
ie applied after the turn-over roll, s d' in Figure 1, also 
increase the effects of friction* The paper lead-in distance has 
accordingly been set at between 10 mm and 5 m in one preferred 
arrangement of the dies of the present application, dimension 3, 
Figure 1, depending on the basis \\ weight of paper impregnated and 
the line speed used* With reasonable line 6 peed running, viscose 
flow from the point of issue from the lips of the extrusion die, 
is predominantly downward with the paper, making a seal backwards 
from the die upper lip *a' between paper v b' aid paper support K c' 
with viscose. Similarly on the lead-out side af the die, the lip 
width, dimension 2 in Figure 1, of the present application, should 
be between 10 mm and 2 mm in conjunction with a paper support 
ring, S C in Figure 1, of 10 to 125 mm in length, supporting the 
paper on its approach to the areai of influence of the die's upper 
lip and extending to a distance horizontal i 1- 2 mm with the lower 
end of the lower lip in order 
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to contain fractional effects, the combined result of paper / 
viscose / metal contact-surface Interact lone which in turn 
Interact with Una opaed and pqper tension effects. 
Despite the reduced metal surface contact of the lower lips of 
these new die arrangements and also of tbe metal ring paper 
rapport element, herein described, together with relatively short 
distances for the impregnated veb to travel before entering the 
acid bath, but conducted at acceptably high speeds from the 
commercial standpoint as indie ait ed elsewhere, no loss of quality 
is observed for the subject fibre reinforcetd casings either in 
terms of transparency, strength* properties or otherwise. Indeed, 
rather the converse can be claimed and casings result which 
possess exceptionally good transparency, exceptionally high weight 
to strength ratios, and where there exists good evidence by way 
of Bendtsen smoothness measurements to suggest the physical 
property mix of the subject casings are of a superior order. So 
specified the die may be used ten advantage to produce the subject 
casings in the paper basis weight interval frinn 15 down to 10 g/u? 
and whilst the longer metal-surface tre. verse, denoted as 
dimensions 2 and 3 in Figure 1, of respectively 10 and 10 mm at 
one end of the range, may be regarded as appropriate for the 
Impregnating of 12 to 15 g/n? suibstrates at Line speeds of up to 
10 meters /minute, the shorter metal-surface traverse of 6 and 2 
mm is regarded more appropriate for the impregnating of 10 to 13 
g/m* substrates at line speeds of 10 met<*re per minute and 
greater. The benefit of these new die arrangements then, as will 
be shown shortly by vay of examples/ is to obtain similar casing 
tube extension properties from p^per substrates, which rely more 
exclusively on resins such as the polyamide spihalohydrin types 
for their wet strength, rather than on small amounts of these 
together with the use of regenerated cellulone from viscose, or 
alternatively of regenerated celjlulose from viscose used alone, 
that is because such papers possess inherentl7 less stretch at a 
given basis weight. And to compensate for this reduced substrate 
paper stretch, paper basis weight has been reduced to a level of 
up to 30 to 40 percent lower, which advantage is lost unless the 
said paper can be treated in a maimer which engenders less machine 
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or longitudinal direction tension during the crucial stages of 
paper impregnation , vi scose penetration of tha substrata , 
coagulation of the oelluloae of the viecone and ita attendant 
regeneration, without the use of the new die arrangement the 
lighter-weight substrates tend to stretch excessively in their 
machine directions, particularly for smaller diameter casings 
running at high line speeds/ vhich has the simultaneous effect of 
reducing their capacity for stretching in thcdr cross directions, 
TO understand the effect this has on casing irtrength one needs to 
consider the strength parameter of "toughness*, alternatively 
referred to as •Tensile Energy Absorption" for which internatio- 
nally recognized standards , such as that pt.t out by tAPPl, the 
Technical Association of the Pulp and Paper industry in the united 
States of America, under the reference: T494 om-Bl, and cross 
referenced with other standards published elsewhere. Simply put 
the toughness of a material may be defined as the work done when 
the specimen is stressed to rupture, in tension under prescribed 
conditions, as measured by the integral of the tensile strese over 
the range of tensile stretch from zero to maximum strain. 
It is also clear from a study of the stress-ntrain properties of 
the substrate paper of fibrous casings that whilst the paper 
possesses a higher tensile strength in its machine, or length 
direction, compared to its cross direction, tie paper may be said 
to be equally as tough in both directions by virtue of possessing 
more stretch in its cross compared to its lergth direction* that 
is the areas under their respective stress-strain curves are the 
same* Classical meohanios demands twice the strength in the hoop 
of a tube or hose compared to its length direction for good 
performance and a paper substrate possessing wiwtnmm sheet 
directionality has been the best approximation so far reached with 
a cellulose-based material, and it is the cross direction strength 
which is crucially important in a casing far subsequent meat 
stuffing and casing expansion purposes. Anytldng which detracts 
iron maximising the cross toughness of a ctasing product f or 
anything which has the effect of reducing the size axpeetions from 
a given die-paper combination must be deemed to be counter- 
productive . And so for 
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these reasons the chief objective of the prwsant application heo 
been to produce casing products as fax as possible similar to 
those in the original specification in terns of their stretch and 
performance properties but usix|g so«oalled resin(s)- and viscose 
plus resin(s), as opposed to nriscosa-boudttd paper substrates, 
using either dies of the prior art under certain operating 
conditions or the new die arrangements herein described, with 
improved performance. 

Examples will now be presented Which describe the tube properties 
■ought. Table l f and Diagram 1, pageB 18 and 19 respectively show 
how the exceptional casing elasticity properties of VISKO LIGHT 
product e based on abaca paper >. substrates, wet-strengthened by 
regenerated cellulose from viscose, together with a small amount 
of a polyamide epichlorohydrin rreain, in the 13,0 to 15,4 g/n* 
basis weight range, and possessing paper crosB direction wet 
stretch levels in the 9,6 to : 13,2 % rancre, are essentially 
reproduced in casings of Bimilar overall basis weight but based 
on abaca paper substrates wet-strengthened by resins, without the 
use of regene- rated cellulose team viscose, which possess cross 
direction wet stretch levels ini the 6,7 to :»,2 % but of signi- 
ficantly lower substrate paper basis weight* in the 10,2 to 13 
g/mo range. Elasticity is here t defined as the capacity of the 
casing, after soaking in water alt 40 degree Celcius for minutes, 
to expand from an uninf lated condition to one of 25 inflation by 
30 kPa air pressure, expressed as a percentage of the starting 
size* Gneral- ly speaking two respects of Light-weight casing 
construction are demonstrated by, the data of Table 1, vis, that 
for a given size of casing, casinjg elasticity follows paper aroas 
direction stretch at the same pap? r basis 30 weight but that lower 
paper cross stretch can be oampenf ated by lower paper basis weight 
to preserve easing elasticity levels when switching from a viscose 
and/or viscose plus resin(s) -bonded to a resin-bonded substrate, 
but not without fully taking into account oas:jig machine tension 
effects, etc., as described above*. Casing burst strengths for the 
new products based on resin-bonded paper compare favourably to 
those based on viscose-bonded papfcr in terms o;: strength per unit 
weight of substrate. Data is oolfLected Table 2, page 20, to 
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illustrate this i graattr absolute strength in obtained for heavier 
substrate paper, but relatives to paper wtiight, greater burst 
coefficients are obtained for the lighter sibstrates. 

Casing Smoothness properties as determined using the Bendtsen 
method are shown in Table 3 r gage 21, for light-weight casings 
produced from viscose plus re|lin(s) and rasin(s) -bonded paper 
substrates* The original specification pointed to significant 
differences between the Bendtsen smoothness iiropsrtiea of fibrous 
casings produced in accordance (with the then prior art based on 
heavy-weight paper substrates gf 17 to 23 if/in*/ and the light- 
weight viscose-bonded paper substrates of 13 to 15 g/m 2 , the 
subject of Table 3A. Whilst thef latter showed the lighter weight 
paper substrates gave rise to casings of smoother inside surfaces 
compared to those of the priory art, the renults of the present 
application show there are no r significant differences between 
viscose- and/or resin(s) -bonded | paper substrates, in the 11,0 to 
14,5 g/m 2 interval of paper substrate basis weight, incorporated 
in casings of 64,0 to 74,7 g/m 2 i 
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, wLWxeant sbovbkxxss *s » fohcwoh of cuzk otbotm 

UBICBT AMD TTVX* VISCOSE PLUS 8B8XM- VSBflOB BSB»(0) 



Caelmr fllW/ 


F«p«r 


paper Wst 
Crops 
Direction 
Stxwten,* 




Catfi&0 

H 1 tff rr J «HX 

at 0-30 kP* 
inflation 


45/vi.twoee* 


13,0 


13,0 
9,2 


74,6 
72,5 


14,6 
14,1 


50/vi.jao&e 


11,2 


12,1 
8,8 


70,3 
73,0 


15,3 
15,1 


1 5S/A*sixL(s> 


13,2 
13,0 
10,8 


11,0 
7,4 
8,4 


72,2 
77,4 
73,8 


16,7 
13,2 
17,5 


1 €0/*a*in(s) 


13,4 
10,7 


9,6 
7,8 


74,4 

73, « 


17,0 
17,0 


8 70/R«iu(») 


14,9 

12,4 


11,3 
8,0 


78,2 
76,2 


19,2 
18,3 


1 80/Vi*CO*a* 
I 80/KUBlnl8) 
1 80/*esi*<S) 


15,4 

12,7 
15,0 


11, « 
8,1 
«,7 


74,6 
71,5 
82,6 


18,5 
17,9 
15,7 



«Vi«cose b*ra to vlfcow plus a email ..mount of a 

polyamida •plbalogwilwtaxia «sln ( «hidh rasin can be fMn not to 
^ .libstrate paper oro« direction strata*, tc «n appreciable 
«vt«at o«5»ar»a to the xesin<e> of tl» ajmItisI^Iy xe*in<S>- 
bondad substrates, and indaed the bioher v*lu»s are typical o* 
pxedoninantlr visoosa-bonded paper *fail«t tbe lo-wr typical o« 
papax bonded without viscose » 
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SABLE 2 



J5UBJWPRME PAPER WfPBi VX6QD9B PJU&S B5SXS- VBRSOS MUUM(8) -Wtt 



caeing 




anting 








i»£*e, 


base 


weight 




quotient 


coefficient 


diemater 


wedsht: 






(*Q> 


SQ . d» pi 


(d)xnm 


(V) 




(b) 

(S 


bAr 


/100* 


45 viscose* 


13,0 


74, e 


76 


€,0 


8,5 




10 #2 


72,5 


66 * 


6,5 


9,1 






70 7 


77 






50 resin (s) 


11,2 


73,0 


70 


7.1 


il,i 


55 vieaose* 


13,2 


72,2 


71 


5,4 




55 resin (s) 


io, a 


73,8 


68 




10,9 


€0 viacoaa* 


13,4 


74,4 


76 


5,2 


9,B 


CO repin(o) 


10,7 


73,6 


57 


5/3 


10,0 


70 vtccocQ* 


14,9 


78,2 


p 

€& 


4,4 


9,7 


70 r<asin<0) 


12,4 


76,2 




4,3 


9,S 


SO vlooofia* 


15,4 


74,6 


541 


3,5 


8,8 


80 resin (a) 


12,7 


71,5 


Si 

4 It* 1 


4,1 


10,3 



*visoofie bare x*faxa to viacose jjjlue a small z mount: of a 
poiyamiae ^ibalogwdwdrin resin. 
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ttable 3 



8UDOCTOIB&S PROPERTIES OF I SUBJECT LlOff IS-tyEICKT 
TQBHKSSt Viarooaa* v*raa* Ba*in ponded Substrrtua Paper 



PitGDtJCtP 



45 reein(e) 
45 vieaosa* 



BEtiDPTSSN SMOOTHNESS, czm3 air /mil tat: a 



Paper- 
weight, 

11,0 
13,0 



Tubo Wt. 



72,8 
73,3 



Xkiflidife 
9urfa<:a 



750 
950 



Outside 
Surface 



170 
190 



_ 



50 r«sl*<*) 

SO viscose* 



11.0 
13,5 



*7,6 
64,0 



725 
900 



1SS 

aao 



SS xesin(s) 
55 -viscose* 



XI, 0 
13,5 



74,7 
70,0 



900 
850 



145 

220 



SO resin (s) 



12,0 



72,7 



900 



125 



80 viscose* 



14,5 



73,1 



850 



160 



"Visoose hare refers to viscose ^lius a small umount o£ a 
polvamlde epUhalogreBfayfirla resin i 
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6HOOTHSXSS PltpPB&TZSS OF S0&7BC? btggy-W E X QU g 
MOD TO ZBFKRZOOL! (R0DSOER) UXOR XRT VQSXHGB 





Suib-leer 




i 






ZoAlda 












ffurfaoe 


g/*» 


«5 


64, S 


950 


200 


73,0 


50 


63,7 


900 


220 


! 70,0 


ss 


70*0 


850 


320 


i 7S,9 


80 


72,5 


870 


220 




90 


80,2 


970 


200 


!9$,4 


105 


73,0 


850 


160 


! 92,1 


120 


78,0 


1025 


180 


i9S,8 



m^ ■iTYalniitfi 



Inside 
Surface 

1080 
1400 
1080 
1300 

uoo 

137 5 
1€0 0 



Outside 
Surface 

390 
320 
310 
370 
310 
330 
390 



ttiat 



act 



The principle of 
amount of air, 
pass botween a 
placed on the 
che test surface 
surface z such, 
observed to floK 
dharaoteristice 
volumes of air* 
Since the subj 
course a ocanponeft 
specimen and e, 
surface of the 
such that a 
the case of tha 
smoother inside 
surface, than 
phenomenon is 
comparing air 
different sites 
These and mora 
smoother inside 
cellulose surfaces 
construction 



U odar 



mi r face 



the Bendtsan saooth&ess test is to measure the 

a controlled pressure head sonditloa, which can 
precision engine aredl i annular ring measuring head 

whose smoothness is to be <latermined, whilst 
itself is placed in contact vita a smooth support 

without a test specimen in place no air is 
whilst test surfaces of aver r*yugher 
ire Observed to permit the flow of ever greater 



sc ape 
Bide 



fOF 
noc 



materials here are both of a porous nature, of 
it of the air flow ifill always puss through the test 
from under the ^ensuring bead gra n beneath the 
in contact with |the smooth siieoiaen support, 
flow for the outside surface, cibtalaea above in 
subject light-weight tubings, raineers also a 
surface, that is less leakage frcm cha under* 
che examples of the prior art: that the latter 
related directly to basis weight oan be seen by 
at the same easitog basis weights, albeit fear 



CI 9*8 



practical manlfestatijans of a tubing possessing a 
surface, such as dejaner release of the untreated 
frcm Beat protainsu attest to the improvad 
ad^Levad with the eubjept light-weight tubings. 
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